This paper examines the role of international trade in the reallocation of U.S. manufacturing activity within and across industries from 1977 to 1997. It introduces a new measure of industry exposure to international trade, motivated by the Heckscher-Ohlin model, which focuses on where imports originate rather than their overall level. Results demonstrate that plant survival as well as output and employment growth are negatively associated with the share of industry imports sourced from the world's lowest-wage countries. Within industries, activity is reallocated towards capital-intensive plants. Plants are also more likely to alter their product mix (i.e. switch industries) in response to trade with low-wage countries. Plants altering their product mix switch to industries that are more capitaland skill-intensive.
1. Introduction U.S. manufacturing has undergone significant change over the past 40 years. Relative to other sectors of the economy, it has shrunk substantially. Employment has declined from 26% of all workers in 1960 to 14% in 2000, while output as a share of GDP has fallen from 27% to 16%. At the same time, significant reallocation has occurred across industries within manufacturing: T-shirts and televisions are out, PDAs and pharmaceuticals are in.
International trade is a prime suspect in these trends. Indeed, as U.S. trade barriers have fallen, low-wage countries like China and India have begun exporting to the U.S. many of the more labor-intensive products formerly produced at home. This product cycling -where the U.S. moves out of labor-intensive products like T-shirts and televisions as lower-cost developing countries move in -is a key feature of standard trade models. Given high relative wages, it is virtually impossible for the U.S. to survive head-to-head competition with the world's most labor-abundant countries in labor-intensive industries.
This paper examines the reallocation of industries within manufacturing, as well as the reallocation of manufacturing plants within industries. We match plant-level input and output data to a new measure of U.S. exposure to international trade motivated by the Heckscher-Ohlin factor proportions framework. We address three questions. First, is plant survival less likely, and is plant employment and output growth disproportionately lower, for plants in industries where the world's lowest-wage economies have greater U.S. import presence? Second, within industries, are capital-and skill-intensive plants -i.e. the plants most likely to be producing goods in line with U.S. comparative advantage -more likely to survive and grow relative to labor-intensive plants? Finally, do U.S. manufacturing plants adapt to imports from low-wage countries by altering their product mix towards industries where the U.S. possesses comparative advantage?
Our analysis provides the first evidence linking U.S. manufacturing plant outcomes to international trade from low-wage countries. A key contribution of our analysis is the finding that the origin of imports, rather than their overall level, is significantly related to industry and plant reallocation over time. This evidence supports a key implication of the factor proportions framework which has labor-intensive industries (and plants) Survival of the Best Fit 3 in a capital-abundant country like the U.S. being most at risk from an increasingly open world trading system.
We find both statistically significant and economically meaningful links between low-wage imports and plant outcomes. First, the probability of plant survival as well as employment and output growth from 1977 to 1997 are lower for plants in industries where low-wage country import presence is high. Our findings indicate that a 10 percentage point increase in the share of low-wage country imports is associated with a 3.3 percentage point increase in the probability of plant death, and a 1.3 percentage point decline in year-on-year plant employment growth rates. Second, within industries, plant survival as well as employment and output growth are higher for capital-intensive plants. Third, the probability that a plant alters what it produces (i.e. switches industries) rises with the presence of low-wage countries and declines with the plant's capital intensity. If a plant does switch industries, it moves into an industry that is more capital-and skillintensive, and that has a lower share of low-wage country imports.
Our approach is unique in two respects. First, motivated by the factor proportions framework, we measure an industry's exposure to international trade in terms of where imports originate instead of their magnitude. We identify this exposure via the share of industry imports sourced from countries with less than 5% of U.S. per capita GDP. Use of this value share allows for a cleaner test of the implications of the framework than previously used proxies (e.g. import penetration). Low-wage country value shares also have practical advantages over traditionally used measures of import competition. Unlike import penetration, they do not incorporate information about domestic production. Unlike import price indexes, they can be computed for disaggregate products and are available for a long time series.
A second difference between this paper and previous work is our examination of plants rather than industries, and our finding that plant outcomes are related to plant input-intensities. One interpretation of this resultmotivated by the factor proportions framework -is that variation in a plant's input intensity signals variation in the types of goods it produces within an industry. The most capital-and skill-intensive plants in the U.S. Optical Instruments industry, for example, likely produce capital-and skillintensive microscopes rather than labor-intensive magnifying glasses. As a Survival of the Best Fit 4 result, these plants compete less directly with the labor-intensive magnifying glass imports from low-wage, labor-abundant countries. Consideration of plant characteristics provides a more complete analysis of the link between international trade and plant survival and growth, and pushes our inquiry one step closer to the agents making decisions. This advantage allows us to examine a richer set of potential reactions to international trade, such as plant shutdowns and plant-level industry switches. This paper is most closely related to existing industry-level studies of the effect of import competition on employment. The earliest of these efforts examine one or a few industries over a relatively short period of time and find little or no association between the level imports and industry employment growth (Krueger 1980; Grossman 1987; Mann 1988 ). More recent efforts based on larger sets of industries have established a negative correlation between employment growth and either imports (e.g. Freeman and Katz 1991, Sachs and Shatz 1994) or changes in import prices (e.g. Revenga 1992 ). Sachs and Shatz (1994) conclude industry employment levels fall between 1978 and 1990 due to imports from developing, rather than developed, countries. Here, we consider both cross-and withinindustry changes due to foreign competition for a comprehensive set of disaggregate industries. In addition, we focus on plant outcomes (survival, growth, and product-switching) in the face of exposure to low-wage country imports predicted by the Heckscher-Ohlin model.
The remainder of the paper is organized as follows. The next section summarizes the theoretical framework guiding our analysis and outlines testable hypotheses. Sections 3 and 4 summarize our data and the construction of our low-wage country import value shares. Sections 5 and 6 present our econometric results and robustness checks. Section 7 concludes.
The Factor Proportions Framework
A key implication of the Heckscher-Ohlin trade model is that the industries produced in a country are a function of its relative endowments: in an open world trading system, relatively capital-and skill-abundant countries like the U.S. are expected to produce a more capital-and skill-intensive mix of industries than relatively labor-abundant countries like China. The standard Lerner (1952) diagram for depicting this equilibrium is displayed
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in the left panel of Figure 1 . It illustrates the relative level of development of two countries -the U.S. and China -in a world of two factors and four industries. Industries are represented by unit value isoquants, with the capital intensity of industries increasing from Apparel to Chemicals. Exogenous world prices identify relative wages -which anchor isocost linesfor each cone of diversification. 1 The equilibrium depicted in Figure 1 has four cones of diversification: the U.S. is in the capital-abundant cone and produces Machinery and Chemicals while China is in the labor-abundant cone and produces Apparel and Textiles.
In the figure, the U.S. offers high wages (w US ) relative to its return to capital (r US ) due to its capital abundance. As a result, U.S. production of labor-intensive Apparel and Textiles is unprofitable. The negative profits that would be earned in those sectors can be seen by comparing the amount of capital and labor that can be bought for one dollar in the U.S. versus the amount of capital and labor needed to produce one dollar's worth of Apparel or Textile output. Relatively high capital costs in China, on the other hand, render production of capital-intensive Chemicals and Machinery unprofitable in that country. Though Figure 1 builds intuition for these relationships using just two factors, these results are easily generalized to a world of many factors and goods (Leamer 1987) .
Removal of trade barriers leads to a reallocation of output and employment across industries as the industries formerly receiving protection disappear. The logic of this reallocation can be seen by comparing the right and left panels of Figure 1 . In the right panel, trade barriers drive a wedge between the U.S. domestic prices of Apparel and Textiles, represented by grey unit value isoquants, and their world prices, represented by dashed isoquants. World prices for both industries are lower than the protected U.S. domestic price, and these lower world prices are represented by unit value isoquants that are further from the origin (where more capital and labor are required to produce one dollar's worth of output). When trade barriers are removed, the U.S. jumps to the equilibrium depicted in the left panel, where as noted above, Apparel and Textiles production is not viable. 2 A difficulty in using the Heckscher-Ohlin model to motivate an inquiry into plant behavior is that the model focuses on countries, factors and industries, not plants. This focus is especially problematic given the growing evidence of within-industry plant heterogeneity: if plants in an industry are all representative of that industry (i.e. if they all produce an identical good), their production techniques and outcomes should be identical.
One way to reconcile the model with observed plant heterogeneity is to assume plants produce a bundle of products within an industry. This bundle is hidden from the researcher, who can only observe the primary industry in which the plant operates. This interpretation of plants is useful for two reasons. First, observed plant characteristics, particularly plant input intensities, can be used to augment the relative coarseness of the observed industries used to track plant output. This interpretation assumes labor-intensive plants within an industry in the U.S. are more likely than capital-intensive plants to be producing the labor-intensive goods emanating from low-wage countries. Second, viewing firms as bundles of products provides an explanation for why the removal of trade barriers does not result in the immediate death of all plants in a newly unprotected industry. Under protection, plants are indifferent to producing capital-and labor-intensive goods, with the result that some plants may produce both types while others produce only one type. When trade barriers fall, plants solely producing labor-intensive products disappear along with their product lines. However, plants that formerly produced both types of goods do not necessarily die. Instead, they may reallocate resources toward more viable products.
We consider three testable hypotheses from the factor proportions framework:
Hypothesis 1 Across industries, plant survival and plant growth decrease with an industry's exposure to imports from low-wage countries.
The first hypothesis is a cross-industry prediction that follows directly from Figure 1 . It implies plant survival and plant growth is lower for industries at odds with U.S. comparative advantage, i.e. industries where exposure to imports from low-wage countries is high.
labor-intensive industries. Nevertheless, our empirical analysis below controls for plant productivity.
Hypothesis 2 Within industries, plant survival and plant growth is increasing in plant capital and skill intensity and plant productivity.
The second hypothesis is a within-industry prediction that assumes plant input techniques are correlated with underlying product variation: labor-intensive plants within an industry are assumed to produce laborintensive products within that industry, and are therefore assumed to be more at odds with U.S. comparative advantage than capital-intensive plants. As a result, labor-intensive plants are expected to fail or shrink relative to capital-intensive plants. The implication with respect to plant productivity is recognition of the fact that sufficiently high productivity can allow U.S. plants producing labor-intensive goods to survive head-to-head competition with labor-abundant countries.
Hypothesis 3 Plants that switch industries move towards more capitaland skill-intensive industries and industries facing less exposure to imports from low-wage countries.
In addition to failing or shrinking in response to the removal of trade barriers, plants may adapt by re-orienting their output away from that of low-wage countries. Approximately ten percent of the plants in our sample change their industry across the four panels we study. We investigate whether these plant responses are related to international trade.
U.S. Exposure to Low-Wage Country Imports
We introduce a new measure of industry import exposure to examine the link between U.S. manufacturing plant outcomes and international trade. This measure is motivated by consideration of the factor proportions framework. It differs from traditional measures of import competition, including import penetration and import price indexes, by focusing on where imports originate. As a result, our measure captures important heterogeneity in the types of goods within industries that labor-versus capitaland skill-abundant countries export to the U.S.
We measure an industry's exposure to imports from low-wage countries via the value share (V SH) of imports originating in these countries,
where M L it and M it are the value of imports from low-wage countries and the total value of imports in industry i in year t, respectively. V SH is bounded by zero and unity; a V SH of unity indicates all of an industry's imports originate in countries whose wages are very low compared to those of the U.S.. 3 We classify a country as low-wage in year t if its per capita GDP is less than 5% of U.S. per capita GDP. 4 GDP is useful for classifying countries because it is available for a much larger sample of countries than, for example, estimates of manufacturing wages. Our cutoff captures an average of 50 countries per year, and this set of countries includes China and India as well as most African nations. Table 1 provides a list of countries meeting the criteria in all years of the sample.
We choose a 5% cutoff for several reasons. Most important, it represents the world's most labor-abundant cohort of countries and therefore the set of countries most likely to have an effect on U.S. manufacturing plants according to the factor proportions framework. Second, though this cohort of countries is responsible for a relatively small level of exports, it accounts for a relatively significant share of U.S. import growth over time. Among countries with less than 30% of U.S. GDP per capita, the cohort of countries below the 5% cutoff experienced the largest increase in import share, by far, between 1972 and 1992. Finally, the set of countries defined by this cutoff is relatively stable, in terms of countries entering and leaving the set, over the 1972 to 1992 sample period we consider. Using data and concordances compiled by Feenstra (1996) and Feenstra et al. (2002) , we are able to compute V SH for 385 of 459 four-digit SIC (SIC4) manufacturing industries between 1972 and 1992. These 385 industries encompass 88% of manufacturing employment and 91% of manufacturing value. Table 2 summarizes V SH by two-digit SIC manufacturing industry and year. Years at the top of each column correspond to years for which we can observe plants in the U.S. Census of Manufactures. The V SH for each two-digit industry is an import value weighted average of the four-digit SIC industries it encompasses. To smooth out annual fluctuations, the V SH for year t is the average across years t−5 to t−1. The final row of the table reports an overall weighted average and standard deviation for aggregate manufacturing.
As indicated in the table, V SH varies substantially across time and industries. It is higher and increases more rapidly among industries with a larger share of labor-intensive products, including Apparel, Textiles and Leather. Across all manufacturing, V SH increases from 1.9% in 1977 to 5.7% in 1992 with much of this increase occurring in the most recent years. The mean and standard deviation for V SH across all four-digit SIC industries and time are 4.6% and 9.2%, respectively. Figure 2 shows the change in the low-wage import share from 1977-1992 for all SIC4 industries plotted against the capital-labor ratio for the industry in 1977. While there is substantial variation in the change of low-wage import shares, the biggest increases in V SH are concentrated in industries with the lowest capital intensities, as predicted by the theory.
To facilitate comparison of V SH with existing measures of international trade, the first two rows of Table 3 report the correlation of V SH with import penetration (imports divided by domestic absorption) and changes in real import price indexes. 5 Correlations in the table are for the pooled sample of industries across the four census years summarized in Table 2 . 6 As expected, V SH is positively correlated with import penetration and negatively, but not significantly, correlated with changes in real import prices. The relatively low magnitudes of both correlations suggest that V SH may be picking up a unique attribute in the import data. The weak correlation with changes in real import prices may be due to the sparseness and relatively high level of industry aggregation of the import price indexes.
5 Three-digit import price indexes are from Feenstra (1996) . Though the availability of these indexes increases with time, they cover less than one third of SIC3 industries and are generally unavailable prior to the mid-1980s. As a result, the import price correlation in Table 3 is based upon an aggregation of V SH to SIC3 industries and therefore encompasses far fewer observations than the other correlations in the table. 6 The correlations are net of time effects: each measure of import exposure is regressed on time dummies, and residuals from these regression are used to compute correlations. Table 3 also reports the correlation of V SH with the value shares of alternate sets of countries that may be influential in U.S. outcomes. These groups include the OECD, the Asian Tigers and three definitions of "middle" income countries. 7 As indicated in the table, V SH is negatively correlated with the OECD value share and positively associated with the Tiger value share. Results are similar for the three middle value shares: V SH is positively correlated with the 5-25% group, uncorrelated with the 25-50% group, and negatively correlated with the 50-75% group. In our regression analysis below, we demonstrate the robustness of the link between plant outcomes and low-wage country import exposure to the inclusion of value shares from these alternate sets of countries.
In addition to its conceptual advantages, V SH has three practical advantages over traditional import measures. Most important, it is largely robust to shocks affecting both domestic production and imports. Import penetration ratios, for example, can induce negative correlation with plant output and employment growth due to the presence of domestic production in the denominator. In addition, because it is computed from product-level trade data, V SH is available for a wide range of aggregation. Finally, it can be computed for a long time series.
U.S. Manufacturing Plant Activity
Manufacturing plant data comes from the Censuses of Manufactures (CM) of the Longitudinal Research Database (LRD) of the U.S. Bureau of the Census starting in 1977 and conducted every fifth year through 1997. The sampling unit for the Census is a manufacturing establishment, or plant, and the sampling frame in each Census year includes detailed information on inputs, output, and products on all establishments. Regression analysis covers plant outcomes for four panels: 1977 to 1982, 1982 to 1987, 1987 to 1992 and 1992 to 1997. 8 From the Census, we construct plant characteristics including the total value of shipments, total employment, total capital stock (K, the book value of machinery, equipment, and buildings) and the quantity of and the wages paid to non-production (N ) and production (P ) workers in each Census year. Plant output is recorded at the four-digit SIC level of aggregation, which is our definition of industry for the remainder of the paper. Plant failure (alternately plant death or plant shutdown) is defined as the cessation of operations of the plant and represents a 'true' death, i.e. plants that merely change owners between Census years remain in the sample.
In constructing our sample, we make several modifications to the basic data. First, while the LRD does contain limited information on very small plants (so-called Administrative records), we do not include these records in this study due to the lack of information on inputs other than total employment. Second, we drop any industry whose products are categorized as 'not elsewhere classified' because these 'industries' are typically catch-all categories for relatively heterogenous products. In practice, this corresponds to any industry whose four-digit code ends in '9'. This reduces the number of industries in the sample to 337. Finally, we drop any manufacturing establishment that does not report one of the required input or output measures. We are left with roughly 443,000 observations encompassing roughly 245,000 plants in the four panels.
Measuring Plant Factor Input Intensities
Two input intensities can be observed in the LRD. Plant capital intensity is measured as the log of the ratio of plant capital stock to plant production workers. Skill intensity is harder to measure as there is relatively little information in the LRD on the characteristics of the workforce. We measure plant skill intensity as the non-production worker wagebill to production worker wagebill ratio,
where w N and w P are the wages of non-production and production workers, respectively. We use the wagebill ratio rather than the raw input ratio (N/P ) to account for unobserved skill variation across plants and regions (Bernard and Schott 2002) .
Measuring Plant Productivity
As noted above, productivity gains can play an important role in a plant's ability to survive low-wage country competition. As a result, our regressions control for plant total factor productivity (T F P ). As is well known, accurately measuring a plant's multi-factor productivity is quite difficult. Since we have only single observations for many of the establishments in the sample, we are constrained in our choice of productivity measures. We estimate a simple five-input production function in logs for each industry and year using two types of capital, two types of labor and purchased inputs. 9 We recognize this procedure's inability to control for the co-movement of markups and productivity, or the co-movements of variable inputs and productivity. By construction the measure is mean zero for each industry in each period.
Empirical Results: Plant Survival and Growth
Plant outcomes between years t and t + 5 are related to a set of year t plant characteristics (Z pt ), the average import share of low-wage countries in the preceding five years (V SH it ), and interactions of plant input intensities and productivity with V SH it (X ipt ),
We relate the levels of plant and industry characteristics in year t to changes in plant outcomes across Census years t to t + 5 to mitigate endogeneity of contemporaneous behavior and plant characteristics. 10 We consider three types of plant outcomes. The first is plant death, which we estimate via probit,
Our set of plant characteristics encompasses log total employment (N +P ), age, log T F P , log capital intensity (K/P ) and the N/P wagebill ratio from equation (2). 11 Our inclusion of controls for plant size (total employment) and plant age is motivated by the empirical work of Dunne et al. (1988 Dunne et al. ( , 1989 and subsequent theoretical models by Hopenhayn (1992a,b) , Olley and Pakes (1996) and others. 12 Equation (4) also includes time fixed effects, δ t ; industry or plant fixed effects are also added to some specifications, as noted.
The additional plant outcomes we consider are changes in plant employment and plant real output, which we estimate by OLS,
∆Real Output
Plant output is deflated with industry shipment deflators available in the NBER Productivity Database compiled by Bartelsman et al. (2000) . 13 For symmetry, we use the same plant characteristics in (5) and (6) as in the death specification. 14 All three specifications control for plant capital and skill intensity as well as plant productivity. The hypotheses derived earlier from the factor proportions framework give us predictions on the coefficients for V SH it and X ipt . With plant death as the dependent variable, β > 0 indicates that plant failure is positively associated with industry exposure to low-wage imports (Hypothesis 1), while γ < 0 indicates the probability of plant death is relatively lower for more capital-and skill-intensive plants in those same industries (Hypothesis 2). 11 The LRD does not record the precise start year for any plant. Instead, we only know the first year the plant appears in a Census of Manufactures starting with the 1963 Census. Our measure of plant age is the difference between the current year and the first recorded Census year. Plants that are in their first Census are given an age of zero. 12 The closed-economy model in Olley and Pakes (1996) also predicts faster growth for more capital intensive and productive plants. 13 http://www.nber.org/nberces/nbprod96.htm 14 Numerous studies on mean reversion in plant employment growth have documented the relationship between initial size and age and subsequent changes in employment (e.g. Hall 1987 and Blonigen and Tomlin 2001) . While we are not interested in testing Gibrat's law per se, we include the log of initial employment as well as plant age in all our specifications.
For the specifications considering plant growth, β < 0 indicates reallocation of employment and output away from industries where the U.S. is at a comparative disadvantage (Hypothesis 1), while γ > 0 indicates reallocation towards more capital-and skill-intensive plants within those industries (Hypothesis 2).
Because our sample of plants includes deaths and births, we follow Davis and Haltiwanger (1992) in using a normalized growth rate in our analysis. For employment, this normalization is
The annualized growth rate is equal to 2 for new plants and -2 for dying plants. Because we cannot observe the characteristics of plants prior to their birth, we are unable to include birth observations in our empirical specifications below. 15 Table 4 summarizes the estimated relationship between the probability of plant death between Census years t and t + 5 and the average industry exposure to imports from low-wage countries across years t − 5 to t − 1. We estimate this relationship with and without interactions of V SH and plant characteristics, as well as with and without industry fixed effects. All specifications include year fixed effects to control for aggregate variation in plant death rates.
Plant Shutdown and Exposure to Low-Wage Country Imports
The first two columns of Table 4 report the marginal probability of failure for specifications with levels of V SH and plant characteristics. The results indicate that plant death is more likely for smaller, younger and less productive plants. These results are consistent with earlier research by Dunne et al. (1988 Dunne et al. ( , 1989 . We also find plant death to be inversely related to capital intensity and unrelated to our measure of skill intensity.
As predicted by the theory, the positive and statistically significant coefficient on V SH in columns one and two indicates that the probability of plant death increases with an industry's exposure to imports from lowwage countries. Comparison of the first and second column indicates that this relationship persists with the inclusion of industry fixed effects. 16 The results in column 1 indicate that a 10 percentage point increase in V SH (roughly one standard deviation) is associated with an increase in the probability of death of 3.3 percentage points. The average probability of death in the sample is 26.6%.
The last two columns of Table 4 include interactions of V SH with plant capital intensity, skill intensity and productivity. V SH by itself remains positive and significant in both columns as predicted by the theory. The interaction of V SH and capital intensity is negative and significant in both specifications, indicating that capital-intensive plants within industries are relatively less like to shut down between Census years in the face of lowwage imports. The point estimates in columns three and four indicate that a one standard deviation jump in plant log capital intensity is associated with declines in the probability of death of 1.8 and 1.0 percentage points, respectively. The skill intensity interaction is negative and significant when industry fixed effects are included in the specification, but the economic magnitude of this relationship is negligible. This finding suggests that either skill-intensity is not relevant in the presence of low-wage imports or that the measure of skill intensity is a poor proxy for skills in use at the plant. 17 The coefficient on the V SH-productivity interaction is negative but statistically insignificant in both columns. Table 5 summarizes the estimated relationship between plant employment growth and industry exposure to imports from low-wage countries. As in the previous section, we estimate this relationship with and without 16 It is well known that plant birth and death rates covary across industries, in large part due to variations in the sunk costs of entry. See Dunne et al (1988 Dunne et al ( , 1989 . We include industry fixed effects to control for any unobserved industry-specific determinants of plant failures. 17 In results not reported here, we find more support for the importance of skill in plant outcomes when we use the log average wages for production workers and for nonproduction workers as alternative measures of skill.
Plant Employment Growth and Exposure to Low-Wage Country Imports
interactions of V SH and plant characteristics, as well as with and without industry and plant fixed effects. All specifications include year fixed effects.
The first two columns of Table 5 report results with levels of V SH and plant characteristics. The first column has year but no industry fixed effects, while the second column has both year and industry fixed effects. The results indicate that employment growth is higher for larger, older and more productive plants. Plant employment growth is also positively and significantly associated with capital intensity but unrelated to our measure of skill intensity.
As predicted by the theory, the negative and statistically significant coefficient on V SH in columns one and two indicates that plant employment falls with its industry's exposure to imports from low-wage countries. The point estimate in column one indicates that a 10 percentage point increase in V SH is associated with a 1.3 percentage point lower annual employment growth.
The final three columns of Table 5 report results including interactions of V SH with plant characteristics. The three columns differ according to their inclusion of industry and plant fixed effects. Across all three specifications, employment growth continues to be negatively and significantly related to the level of V SH. Furthermore, the positive and significant coefficient on the V SH-capital interaction indicates that higher within-industry plant capital intensity mitigates exposure to low-wage imports. The interaction of plant productivity with V SH is positive and significant only in the final specification, which includes plant fixed effects. Interactions of V SH with skill intensity are statistically insignificant.
Plant Output Growth and Exposure to Low-Wage Country Imports
The negative relationship between plant employment growth and industry exposure to imports from low-wage countries has two interpretations. The first is that plants facing such import competition shrink (or die). The second is that plants substitute away from relatively expensive U.S. labor and towards relatively inexpensive U.S. capital. Under the second interpretation, plant employment can decline as output remains constant (or increases). To differentiate between these scenarios, we investigate the relationship between real output growth and V SH in Table 6 .
The results in Table 6 indicate that output and employment respond similarly to low-wage country import exposure. The coefficient on V SH is negative and statistically significant across specifications. Interactions of V SH and plant input intensities and productivity, shown in the final three columns, indicate reallocation of output over time to more productive and more capital-intensive plants within industries. The interaction of V SH and plant skill intensity is positive and significant in the specification containing industry fixed effects.
Robustness
In this section we demonstrate the robustness of the relationship between plant outcomes and exposure to low-wage country imports after controlling for measures of international trade based upon alternate sets of potentially influential countries. We report robustness results for the plant death and plant employment specifications but omit results for real output growth, which are similar, to save space. For both specifications, we compare the point estimates on V SH after adding an additional international trade measure. To simplify reporting, we use the specification with plant characteristics and levels of V SH and including year and industry fixed effects. 18 Table 7 summarizes our robustness findings for the plant death specification. The first column of the table reproduces the results of the second column of Table 4 . Each subsequent column includes an additional measure of international trade. Results indicate that inclusion of these additional controls does not affect the sign or significance of the V SH coefficient; low-wage imports are associated with increased probabilities of plant death in every column. Results also indicate that the additional controls are statistically significant, though signs vary depending upon the measure. Increases in aggregate import penetration are positively associated with plant failure. The coefficients for all other measures, however, are negative. These results imply that exposure to imports from the OECD, the Asian Tigers, and various cohorts of middle income countries are actually associated with an increased probability of plant survival while exposure to low-wage imports increases the probability of plant death. Table 5 , and subsequent columns include additional international trade measures. As above, inclusion of additional controls does not affect the sign or significance of the V SH coefficient; in all columns, higher levels of low-wage import shares are associated with lower subsequent annual plant employment growth rates. The sign and statistical significance of additional controls vary depending upon the measure. Aggregate import penetration is positive but statistically insignificant, as is the OECD value share. The Tiger value share is positive and statistically significant, indicating that increased industry exposure to Asian Tiger imports is associated with higher plant employment growth. The coefficients for all three middle-income country cohorts are also positive and significant.
The robustness results presented in this section emphasize that the relationship between manufacturing plant outcomes and low-wage country imports holds even when controlling for aggregate import penetration or imports originating in other types of countries. In particular, the negative relationship between import shares and plant performance is unique to low-wage countries.
Discussion
The results of this section demonstrate a clear relationship between imports from low-wage countries and reallocation across and within U.S. manufacturing plants. The robustness tests demonstrate that this relationship survives even after including additional measures of trade exposure based upon alternate groups of countries thought to be important for U.S. manufacturing.
There are two major explanations for the negative association between plant survival and growth and industry exposure to imports from lowwage countries. The explanation guiding our analysis and emphasized by the factor proportions framework has competition from low-wage countries forcing U.S. plants out of product markets at odds with U.S. comparative advantage. Under this explanation low-wage countries enter and the U.S. responds. Our results are consistent with this view: U.S. manufacturing is reallocating towards a more capital-intensive mix of manufacturing and the movement is strongest where the presence of low-wage country imports is greatest in prior years.
An alternative explanation emphasizes either causality in the opposite direction or an omitted variable that affects both plant performance and the share of imports from low-wage countries. Under this interpretation lowwage countries enter product markets being abandoned by the U.S., perhaps as a result of domestic productivity growth or skill-biased technological change. We attempt to distinguish between these views by controlling for industry (and plant) fixed effects as well as by relating future plant outcomes (t to t + 5) to prior levels of low-wage country import exposure (the average from t − 5 to t − 1). For our findings to be consistent with an endogenous response of low-wage countries to future changes in the U.S. industries, low-wage countries must be entering industries today that they expect will be growing more slowly 5 to 10 years later.
As a final robustness test, we attempt to control for industry characteristics that might be correlated with increased low-wage country import shares and subsequent plant performance. While there are numerous possible candidate theories to explain relative performance across industries, we focus on productivity growth, persistence in employment growth rates, and skill-biased technological change (via relative wages). In Table 9 , in addition to four-digit industry fixed effects, we control for productivity growth, employment growth, and changes in the industry non-production to production worker relative wage; in all three cases, changes are from t−5 to t. The results indicate that the coefficient on V SH remains unchanged in sign, level and significance for both the plant death and employment growth specifications. Even in the presence of these additional controls, low-wage import shares continue to be strongly negatively correlated with plant outcomes.
Based on the robustness of the relationship between low-wage import shares and plant performance, we conclude against the explanation that our results are driven by reverse causation or omitted variables.
Empirical Results: Industry Switching
In this section, we investigate the third implication of plant behavior motivated by the factor proportions framework: within-plant product-mix upgrades (Hypothesis 3).
The LRD tracks plant output according to the primary industry of the plant. Plants whose production spans four-digit industries are assigned the industry of their predominant products. 19 It is reasonable to assume that a large fraction of product mix changes by a plant likely occur within four-digit industries, and therefore will not affect the assigned industry code. On the other hand, some of these changes may occur across four-digit industries.
In this section, we analyze these observable switches in product mix to determine if they are related to industry exposure to imports from low-wage countries. 20 Though plants producing roughly equal amounts of two industries may "switch industries" spuriously, this random variation should bias us against finding any systematic changes in the capital-and skill-intensity of a plant's old and new industries.
Roughly 25,000 U.S. manufacturing plants switch industries in our four panels, an average of 7.8% of surviving plants in each five-year period. Table 10 compares the industry capital intensity, skill intensity and V SH across these plants' old and new industries using t-tests. For each switch occurring between years t and t +5, we compare contemporaneous industry characteristics, i.e. the characteristics that the old and new industries have in year t. Results indicate that destination industries are 2.1% more capital intensive, 6.8% more skill intensive, and face lower shares of low-wage country imports (2.1 percentage points) than the industries left behind. These differences are statistically significant at the 1% level for input intensities and at the 10% level for V SH. Table 11 addresses whether the probability of switching and the magnitude of changes in old versus new industry capital and skill intensity are related to V SH. The first column reports probit results using plant controls and interactions with V SH identical to those used earlier. The results indicate that the probability of switching is positively associated with exposure to low-wage country imports. Within industries, however, plant 19 For a multi-product plant that produces in more than one SIC4 industry, its primary SIC4 industry is given by the industry that represents the greatest share of plant output. Some plants may have less than 50% of total output in their primary industry category.
20 Bernard and Jensen (2001) find that plants that switch industries have a higher probability of becoming exporters. This movement into more viable products is consistent with the view that plants escape low wage country competition by upgrading their product mix.
capital intensity is negatively associated with industry switching. These results are consistent with the factor proportions framework: plants in industries subject to intense competition from low-wage countries are more likely to re-orient production away from this competition, but are less likely to do so if their output within that industry faces less direct competition.
The second and third columns of Table 11 regress the percent difference in industry factor intensity for switching plants on plant characteristics and V SH. Results in column two indicate that plants leaving industries with high V SH move to industries with higher capital intensity than the average switching plant. The third column indicates no statistically significant relationship between changes in industry skill intensity and V SH.
The evidence presented in this section suggests that U.S. manufacturing plants may adjust to competition from low-wage countries by altering the mix of goods they produce.
Conclusions
Imports from low income countries were the fastest growing component of U.S. trade from 1972 to 1997, increasing far more rapidly than aggregate imports. This paper considers the role of imports from low-wage countries in the evolution of U.S. manufacturing industries and plants over time. We find that plant survival and growth are negatively associated with the share of industry imports originating in low-wage countries, and that this relationship is robust to alternate measurements of international trade.
Using the plant-level data, we find strong evidence that low-wage imports have differential effects on plants within an industry based on their input characteristics. Capital-intensive plants are substantially less likely to close, and grow more quickly, than the average plant. In contrast, neither skill-intensity nor productivity significantly improved plant outcomes in the face of low-wage competition. These results suggest that exposure to increased imports from low-wage countries has accelerated the process of capital deepening both across and within manufacturing industries.
We also provide evidence that U.S. manufacturing plants may adjust their product mix in response to competition from low-wage countries. Plants that switch industries move to sectors that are more capital and skill intensive and have lower import shares from low-wage countries. Plants facing higher shares of low-wage imports are more likely to switch industries and to move into industries with relatively higher capital intensity. This evidence of reallocation across and within manufacturing industries is consistent with key implications of the Heckscher-Ohlin model of trade, which has low-wage countries forcing the U.S. out of product markets at odds with its comparative advantage. This paper only begins to examine the role of increased trade with lowincome countries on firms and industries in the U.S. Additional theoretical and empirical progress is needed on the menu of responses available to firms, including investment, workforce upgrading, and product switching and innovation. To the extent that manufacturing output is not uniform across regions within the U.S., our results also suggest significant variation in the regional effects of low-wage country competition in terms of industry structure, wage levels and income inequality. Std Dev Acoss All SIC4 5.1 4.2 6.4 10.1 Notes: Table reports VSH across two-digit SIC manufacturing industires and time. VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Shares for each two-digit industry are weighted averages of underlying product observations, using U.S. import values as weights. Figures for each year are the average for the preceding five years (e.g. the reported share for 1977 is the average of shares from 1972 to 1976). Years correspond to the four manufacturing Census panels used in the regression analysis. The final two rows of the table present a weighted average and standard deviation for all four-digit SIC manufacturing industries. (1977, 1982, 1987 and 1992) and control for time effects. All correlations except for real import price changes are significant at the 10% level. The first six correlations are for four-digit SIC industries (1533 observations) while the final correlation is based upon three-digit industries (92 observations). Import penetration is total import value divided by domestic absorption. OECD and Tiger value shares are the share of industry imports originating in OECD countries (except Mexico, Korea and newer entrants) and Asian tigers (Korea, Taiwan, Singapore and Hong Kong), respectively. Middle value shares are based upon the set of countries with the noted per capita GDP relative to the U.S. Three-digit SIC (1972 revision) import price indexes are from Feenstra (1996) and are deflated by the U.S. PPI. Import price changes are computed as the average annual change in the real index across Census years. The final correlation is based upon an aggregation of VSH to three-digit industries. Notes: Plant-level probit regression results where the reported coefficients represent the change the marginal probability of plant death at the mean of the regressors. Robust standard errors adjusted for clustering at the plant level are in parentheses. Dependent variable indicates plant death between years t and t+5. N/P Wagebill Ratio is total plant wages paid to non-production workers (N) divided by total plant wages paid to production workers. VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Final three control variables are interactions with VSH. Regressions cover four panels: 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Coefficients for the regression constant and dummy variables are suppressed. Notes: Plant-level OLS regression results. Robust standard errors adjusted for clustering at the plant level are in parentheses. Dependent variable is normalized plant employment growth between years t and t+5 (see text for normalization). N/P Wagebill Ratio is total plant wages paid to non-production workers (N) divided by total plant wages paid to production workers (P). VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Final three control variables are interactions with VSH. Regressions cover four panels : 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Coefficients for the regression constant and dummy variables are suppressed. Dependent variable is normalized plant real output growth between years t and t+5 (see text for normalization). N/P Wagebill Ratio is total plant wages paid to non-production workers (N) divided by total plant wages paid to production workers (P). VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Final three control variables are interactions with VSH. Regressions cover four panels : 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Coefficients for the regression constant and dummy variables are suppressed. Notes: Plant-level probit regression results where the reported coefficients represent the change the marginal probability of plant death at the mean of the regressors. Robust standard errors adjusted for clustering at the plant level are in parentheses. Dependent variable indicates plant death between years t and t+5. N/P Wagebill Ratio is total plant wages paid to non-production workers (N) divided by total plant wages paid to production workers (P). VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Import penetration is total imports divided by domestic absorption. OECD and Tiger value shares are share of imports originating in the OECD (less Mexico and Korea) and Korea, Taiwan, Singapore and Hong Kong, respectively. Middle value shares are defined according to the noted relative per capita GDP cutoffs. Regressions cover four panels : 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Notes: Plant-level OLS regression results. Robust standard errors adjusted for clustering at the plant level are in parentheses. Dependent variable is normalized plant employment growth between years t and t+5 (see text for normalization). N/P Wagebill Ratio is total plant wages paid to non-production workers (N) divided by total plant wages paid to production workers (P). VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Import penetration is total imports divided by domestic absorption. OECD and Tiger value shares are share of imports originating in the OECD (less Mexico and Korea) and Korea, Taiwan, Singapore and Hong Kong, respectively. Middle value shares are defined according to the noted relative per capita GDP cutoffs. Regressions cover four panels : 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Notes: First column is plant-level probit regression results where the reported coefficients represent the change the marginal probability of plant death at the mean of the regressors. Second column reports OLS regression results. Robust standard errors adjusted for clustering at the plant level are in parentheses. Dependent variable indicates plant outcomes between years t and t+5. N/P Wagebill Ratio is total plant wages paid to nonproduction workers (N) divided by total plant wages paid to production workers. VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Final three control variables are log differences from t-5 to t in plant employment, TFP and non-production to production-worker wage. Regressions cover four panels : 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Coefficients for the regression constant and dummy variables are suppressed. -year panels: 1977-82, 1982-87, 1987-92 and 1992-97. Notes: First column is plant-level probit regression results where the reported coefficients represent the change the marginal probability of plant death at the mean of the regressors. Second and third columns are OLS regression results. Robust standard errors adjusted for clustering at the plant level are in parentheses. Dependent variable in first column indicates plant changes four-digit SIC manufacturing industry between years t and t+5. Dependent variables in second and third columns are log difference of plant capital (K/P) and skill (N/P Wagebill Ratio) intensity, respectively, between years t and t+5. N/P Wagebill Ratio is total plant wages paid to non-production workers (N) divided by total plant wages paid to production workers. VSH is the share of U.S. import value originating in countries with less than 5% of U.S. per capita GDP. Final three control variables are interactions with VSH. Regressions cover four panels : 1977-82, 1982-87, 1987-92 and 1992-97 . ***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. 
